. This observation has caught the attention of many researchers since it could improve substantially single-end optical remote sensing in atmosphere [2] [3] [4] . Soon afterwards, it was reported that nitrogen molecules can also give rise to cavity free lasing action in ambient air [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In particular, intense and coherent forward emission around 391 or 428
nm with energy up to several microjoules was observed in atmosphere during filamentation of femtosecond laser pulses [10] . These lasing wavelengths correspond to transitions between the excited state Figure   1 (a)). Pumped with the widely available high power femtosecond laser pulses at 800 nm, lasing of nitrogen molecules holds great potential for remote sensing application.
Recent studies of optical amplification in nitrogen gas at low pressure where the complexity due to filamentation is suppressed reveal several unusual features [7, 8, 15] . If a femtosecond seed pulse at wavelength 391 or 428 nm is injected through the plasma in the wake of the pump pulse at 800 nm wavelength, an increase of the seed pulse energy by several orders of magnitude is observed (see setup in Figure 2 (a) and results in Figure 3 ). Measurements of the amplified emission as a function of delay Δbetween the pump pulse and the UV seed pulse show that the amplification is maximum for Δ ~ 0 and then decreases for larger Δ, with a time constant of 1 -10 ps, depending on gas pressure [8, 15] . Time-resolved measurements of the amplified emission time profile at fixed delay Δ = 0.3 ps show that the intensity of the seed pulse itself does not vary significantly when crossing the plasma. Instead, it triggers a retarded emission at the same wavelength, with a delay that decreases with increasing gas pressure (Figure 2 (b) for setup and Figure 4 (a) and 4(b) for results). The peak intensity of this retarded signal grows nearly like the square of the gas pressure while its duration and width decrease inversely proportional to the pressure [15] . Enhanced forward emission at 391 nm, although weaker, is observed even in the absence of any external seed pulse [9, 14] . In this case, the emission intensity shows a remarkable sensitivity to the pump pulse duration and wavelength: rapid cyclic variations are observed in a small range of tuning of the pump pulse wavelength around 800 nm, with a cycle that depends on pulse duration [20] . Finally, the emission intensity at 391 nm (measured in the absence of a seed) depends sensitively on the pump pulse ellipticity [15, 21] . Starting with a linearly polarized pump, it first slightly increases with ellipticity until it reaches a maximum around ellipticity  at which point it decreases and disappears above.
Different models have been proposed to explain these results but none addresses them in their totality [7, [12] [13] [14] [15] [16] [17] [18] . Two aspects are particularly challenging. First, how can one explain the optical amplification between [13, 14, 17, 18] . Another model attributes the delayed emission to recollision-induced superradiance but fails to address the origin of optical gain [15, 16] .
Recently Svidzinsky, Yuan and Scully predicted that a strong retarded amplification of a seed pulse should occur even in the absence of population inversion in a so-called V scheme, where two excited states of an atom or molecule are simultaneously coupled by two resonant fields to a common lower state [19] . The levels of the nitrogen ion in Figure 1b show how, in our system, such a V scheme can be realized by resonant coupling of state At this point, we would like to stress the difference between the current V scheme model and previous three-level models [13, 14] . There, the authors attribute the gain to a population inversion between the electronic levels It should nevertheless be pointed out that our V coupling model is still incomplete in the sense that the molecular aspect of the nitrogen ion emitters is not included. As discussed by Azarm et al. [17] and by Kartashov et al. [18] , an additional possibility of gain enhancement exists stemming from laser-induced rotation of molecules by the pump pulse.
In conclusion, we have presented a model based on the coherent coupling between two resonances that allows solving a longstanding puzzle, the emergence of an important delayed gain in a gas of nitrogen molecules or air pumped by a short intense laser pulse at 800 nm. This . We also showed the role played by recollisions: it provides one of the coherences required for the V coupling in the absence of injected seed pulse. We believe that amplified emission without population inversion could occur in other molecular or atomic gases when a short and intense pump pulse has its wavelength resonant with a transition between levels of the ionized atoms or molecules, which may provide solutions for making lasers in the extreme UV or even X-ray regime where population inversion is hard to achieve.
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